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ABSTRACT 


Mmuemotudy iS the first reported analysis of coupled 
mixed layer-acoustic model systems. The analysis emphasizes 
the performance of the combined systems rather than the 
acoustic or ocean models separately. Acoustic variability 
of the coupled model systems was studied in terms of the 
median detection range (MDR). Synoptic time variations of 
Mereeas a function of figure of merit, frequency, and receiver 
depth were analyzed during the month of May 1980 at OWS ''Papa" 
in order to provide a better insight into the operational 
capabilities of model systems to accurately represent the 
fetal oceanic variability. The results of this limited 
analysis revealed that the model systems displayed more day- 
to-day acoustic (MDR) variability than did direct environmental 
miput (BT). 

iiemeapablilty to accurately model the thermal structure 
was reviewed with the following results. No significant 
correlation was observed between the EOTS model and the 
actual BT mixed layer depths while there appeared to be a 
strong positive correlation between the ODT model (driven by 
atmospheric forcing) and the BT mixed layer depths. Moreover, 
a possible lag of two days was observed in the EOTS model 
mixed layer depth relative to the observed mixed layer depth 


time series. 
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GEOSSARY 


1. Mixed Layer Depth (MLD): The shallowest depth below the 
surface at which the temperature gradient exceeds 2°F/100 feet. 
Beeeoonic Layer Depth (SLD): The shallowest point on the 

femme velocity profile that is a maximum. For half channel 
Peses, OLD is at the surface. 

5. Coupled model system: Any system where both a thermal 
model and an acoustic model are used in conjunction to produce 
paeoucput product. 

4. Median Detection Range: The range that produces a 50% 
probability of detection; found from the sonar equation, 
Meeeing signal excess equal to zero. 

>. BI - An instrument used for bathythermographic observations 
as well as the observed profile itself (depending on context). 
MeeecOls - Expanded Ocean Thermal structure, present ocean 
thermal structure analysis system in use at Fleet Numerical 
Oceanography Center. 

7. ODT - One Dimensional Thermodynamic Model developed at 

the Naval Postgraduate School. 

meee FACT - Fast asynoptic coherent transmission loss acoustic 


model. 
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I. INTRODUCTION 


fee PURPOSE 

The purpose of this thesis is to investigate the sensi- 
tivity of coupled mixed layer-acoustic model systems to 
Merractions in figure of merit, frequency, and receiver depth. 
The sensitivity and variation in time of combined systems is 
studied in order to gain a better insight into the operational 


@apabilities of present mixed layer-acoustic modeling techniques. 


fee LMPORTANCE 

The capability to predict acoustic parameters directly 
affects virtually all aspects of acoustic antisubmarine 
warfare from planning to execution. Even though acoustics 
from the viewpoint of ASW is not an exact science, it 15s 
imperative to understand the capabilities and limitations of 
the science. Acoustic and thermal structure modeling is one 
attempt to understand the science, and will be the central 


mecus Of this study. 


fee METHODOLOGY 
Whereas previous analyses [Johnson, 1977 and Harvey, 
1972] of both thermal and acoustic models have been limited 


miescope to a particular thermal or acoustic model under 
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Observation, this study investigates the variability and 
sensitivity of coupled mixed layer-acoustic model systems. 

This study made in May 1980 consisted of two experiments. 
Mteewrirst involved the use of a currently operational system 
in use at the Fleet Numerical Oceanography Center (FNOC) and 
Meeesecond experiment consisted of using a completely dif- 
ferent thermal model developed at the Naval Postgraduate 
memool. Both experiments were run for a common point (Ocean 
Weather Station Papa) and all data was processed at the Fleet 
Bee rical Oceanography Center. All data was obtained in the 
fOrm of the FNOC DBPLOT product (Fig. 1). For the passive 
acoustic analysis undertaken, the Fast Asymptotic Coherent 
Transmission Loss (FACT) model was used to obtain acoustic 
eae lhe DBPLOT output provides the FACT propagation loss 
Micormation represented as a function of range. It also 
Mesplays the corresponding thermal profile and sound velocity 
Meertle input to the FACT model (Fig. 1). 

To date, sensitivity analyses of both thermal and acoustic 
models have been conducted in a "stand alone'' mode. A 
sensitivity analysis consists of varying input parameters 
one at a time while holding other parameters constant. The 
Output product is then analyzed and compared with actual 
observations where possible. The comparison and analysis 
process to date has been characterized as a "snapshot" of a 


dynamic process. 
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From an operational point of view the output products 
Meemepy the fleet are generally a result of coupled model 
Meoucems representing merely a single look at a dynamic 
process. Analysis of these snapshots revealed that based 
Semaesingle point observation, it was difficult at best to 
make absolute judgements as to quality, accuracy, and 
validity of results. However when the individual snapshots 
Were put together and reviewed in a time series, the result- 
ing dynamic variability warranted investigation. 

The acoustic output of the two coupled model systems 
was compared with the output of the reference system in both 
thermal and acoustic terms. The reference system or ground 
truth chosen was the actual time series of bathythermographs 
(BT's) taken at Ocean Weather Station (OWS) Papa from 1 May 
to 31 May 1980, as the thermal structure input to the FACT 
Model. Hereafter, this system is referred to as BT-FACT. 

There are two ongoing philosophies regarding the treat- 
ment of BT soundings that must be discussed. The first 
Senool of thought suggests that an actual BT, even if it is 
Meeurate, may not reflect the thermal structure of the area 
of operations. Therefore the BT is weighted as an input, 
then merged with climatology to represent the "real-time" 
profile to be input to the acoustic model. The other 
philosophy asks the question that if the BT taken is not to 
be believed or utilized as the most current information, 
then why take the trouble to drop a BT in the first place? 
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there may be merit in either philosophy, depending upon the 
temporal and spatial scales of the anomalous part of the 
thermal structure. Nevertheless, based on the information 
available, the actual BT was used as the control for all 
omalyses. 

The FACT model in this study was treated as a "black 
box'' as no overt tuning of parameters was done throughout 
the analysis. Wind speed and wave height, parameters which 
Slightly affect only the surface duct mode, change auto- 
matically as the Expanded Ocean Thermal Structure (EOTS) 
fields change. However as wind speed varied from 0 to 30 
knots and wave height ranged between 0 and 40 feet, there 
Memeeeno Significant acoustic differences apparent when six 
representative thermal profiles were input to the FACT model. 
Most Of the major differences in the output products of the 
model systems are therefore basically attributable to 
differences in the input thermal structure. This allowed 
Berean indepth analysis of the output products of the model 
Systems as well as providing an insight into the cause of 
most differences. 

The two model systems used in the experiements were (1) 
the Expanded Ocean Thermal Structure (EOTS-FACT) and (2) 
the One Dimensional Thermodynamic model (ODT-FACT). The 
Belo-FACT system was chosen because it is presently the pre- 


dominant passive model system used by FNOC. The particular 


LS: 





ODT model employed represents the state-of-the-art in ocean 
mixed layer models. 

fim@emeOlS-FACT model runs were made at FNOC using actual 
fmopeic information. The output product is reproducible 
in that identical results would be obtained if a request 
Heeeemade by an operational fleet unit for OWS Papa during 
Meee experimental period of 1-31 May 1980. 

It is important to realize that there are two data bases 
Misc at FNOC: historical synoptic and climatological. 
Mastorical synoptic fields are an attempt to recreate the 
GCeonditions for a precise day while climatology is a many- 
Year average of monthly periods for specific regions of the 
ocean. The data set for this investigation comes from the 
MmereOrical synoptic fields. 

A second coupled model system was run concurrently at 
OWS Papa. Using the One Dimensional Thermodynamic model 
coupled with the FACT model (ODT-FACT), the operational 
meoauct DBPLOT was output as before. The atmospheric 
forcing fields of marine winds, total heat flux and solar 
meeration were taken from the FNOC library (catalogued A-ll, 
A-17, A-28, A-29) and modified by a computer process 
[Gallacher, 19781] to give hourly heat and momentum flux 
values. The ODT model was initialized isothermal to a depth 
@ai25 meters in order not to bias the ODT model to the 
Meal bathythermograph (BT)»or the EOTS thermal structure. 
The interpolated meteorological fields were then used as the 
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boundary conditions to drive the ODT model. The resultant 
model-computed thermal structure was saved every twelve hours 
BOretme entire period 1-28 May 1980. These thermal profiles 
Bevered from the surface to a depth of 200 meters with a one 
Meeer resolution. The profiles were smoothly matched with 
the climatology base for temperature below 200 meters before 
being provided as an input to the FACT model. 

The merging of both the ODT thermal structure and the BT 
(reference) from the surface to the bottom, was accomplished 
meme the EOTS climatology (Fig. 2) below 400 meters. The 
matching procedure involved maintaining the shape (dT/3dZ) of 
eiemupper thermal profile and disregarding the absolute 
temperature values. For the ODT model, the matching process 
required the entire upper thermal profile (< 200 meters) to 
be decreased by SG. keeping constant the shape of the 
Mmeertlie. The blending of the reference BT to the EOTS clima- 
tology required only a smooth merger of the last observed 
@epen (around 320 meters) with the EOTS climatology at 400 
meters. Acknowledging the fact that the merging problem in 
memoir iS an area that warrants further study, the vertical 
gradient of the ODT profile was not changed by the matching 
procedure -- a requirement judged to be most important. 

The atmosphere forcing functions of marine winds, solar 
maatation and total heat flux that were obtained from FNOC 
had to be processed by a complex computer routine (Gallacher, 


me7s). This was necessary in order to convert this data to 
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Meely Intervals - the ODT model time step. The resulting 
Memtey tlux values are shown in figure 3. 

Miesacoustic measure of effectiveness chosen for the 
analyses was the median detection range (MDR), used by ASW 
Meeeteunits (VP, VS, TASS) as a tactical aid or sonobuoy 
Spacing parameter. The thermodynamic parameters discussed 
meemiexed layer depth, below layer gradient and sea-surface 
meee racure. Ihe synoptic variability of median detection 
Tange is the major point of analysis while discussion of the 
Meeraoility Of the thermal parameters yields an insight into 
the reasons for any observed acoustic variability. The 
memmary method of analysis consisted of time series histories 
meden Parameter in order to determine if the model systems 
were accurately depicting the variability of the ocean. Most 
of the acoustic analysis involved extracting data from 
propagation loss profiles (DBPLOT) entered by a reference 
meeure Of merit (FOM). Because of the inherent inaccuracies 
involved in such a process, an error analysis was done in 
Mmeeeto establish accuracy limitations for the entire analysis. 
Figures 4 through 18 display the limiting cases (50 Hz - 300 
Memetor the three different analyses. The error or uncertainty 
analysis was accomplished by entering the propagation loss 
mmryes at a FOM of 75+1 dB and 80+1 dB. Therefore, the 
graphs (Figs. 4-18) visually give insight into the errors in 
MOR that could possible accrue due to a resolution error On 


+] dB in the analysis process. The error analysis shows a 


tO 
tl 





[opow JdO 242 01 §andut sonjpea posds putmM pue *xnTF Jes9y [e.0} SUOTIeIpeI IeTLOS | 


¢ oinsTty 


J1vd NYT IAL 


00°ZSI o0°hSI ZE°USst Sesh EE “Sh ch’chl 0S °6EI 8S°9EI L9°EET G2 °OEt €B°’icl c6- hel 00° Seo) 
a 
alten) 
Be 
| | | ] a8) a 
S=2 
= 
Sal as 
= 
Og 
is 
+ 
on, 
as | 
2 
Oo 
Oo 


oo°cst 80 °hHSI “tg Se Oh! Ce SHI ch'eht 0S 6EI 8S °9ET LO°CEl SZ ‘OET ES°del c6 "hel OO'ecl io 


33 
ste 
a 
(_Dp- 
Al {UL {UN mini NA NAKAL A | A Af S24 
\ \ vas Lv - i) = 
TAUIV ASA" AC Ra AAU Rea “AUAVAN RSA TACAULE art” 
Se 
>< 
x 
=D 
“ft 
| 
| a ] 
00°“St BO°HSI <LITtSt  sesnt CESHI Z2h'Zht OS GET GS °9EI LO°CET GL°OEI ee-c2t «= 26°het = 0°22 t, 
ss =) 
Oo 
XW 
SUS 
nin 
ange 
oO 
GQ) 
oC 
oS 
Le 


O861 MShT NOS 


24 





"109f 00Z JO Yadep ADATIDII puP 


“ZHOS ‘APFSZ JO WOA TOF StsATeuR LOW 
-[00 242 1o0oF AQUTRILIIUN JUSUIIINS Ba 


"19973 00Z JO yYIZdap ABATIDII pure ZH ONE 
‘qP7SZ JO WOL OF StsAT eure LOVA 
-1dQ0 942 J0of AQUTEJIIPUN JUSUWIOINSBOy 





g o1ndt iy p aiIndty 
: me Sava 
SEC eH oO et | Kee oe 
ml wu | | PETITE | | tareae 
TH HL {UIT 
SE oe 
a1 SI 
Oz. 02 


G2 Gz 





“Joos 2 Oude pron veoomnpupE. ZH amis 


“GP T¥08 JO WOA 1OJ stsATeue LoVA 
-1d0 94. 10J AQLULEZIIDUN YUSWAINS Pd} 


i oinsty 


SAvO 


OF 62 9 Fe 22 OF BO MW HF a Oa B99 bv Z@ 
ooo 


+ 


ll i 


SS 


O 


© 


"1993 007 JO YQdOP ASATODII pur 
ZHOS “dP L¥08 JO WOA OJ StsATeue LOWA 


-L00 242 10F AQVUTeVALIOUN JUOWIINSPOdTYy 
g 9insty 
SAv0 


Of 86 9 be 22 CO BI 8H tr 2 A B89 ¢ Z 
es me GR ne Se a a a Sd a ag am 


(al 


i 


uw? 


[ “7th 


fom 
nome” 

7ys fw 
iwAiil 
— 


uo 


ll | 





-J29°3 002 20 YWidep AeNbesen PUL Zi ags "2993 00Z JO YIdap AZATODISI pue 
‘€P T¥08 JO WOU 10¥ Stskteue Joya ZHOS “dP L708 JO WOA 1OJ stskyTeue LOVA 


-SLOH 842 103 AQUTeA9NDUN VUOWIINS BOY -SLOH 3942 103 AQUTeIIIOUN JUDUWOINSvOP | 
G6 o1nsty g o1Nd TA 
SAvO Siva 
Oboe 9c te cc 02 Bf Ol VI cto e@@9..r_Z ' O& G@ 9% re 2 OF BO MO HF Za Be 9 


“TY * + 7 . TY rt oo. Ye oP oy to ey ee 


An | 


WA TWOELAWN 


~_— 
X al 
wm 





ap 





-199F O0Z JO YAdep ASATSI9I puUe 


ZOOS ‘AP TFSZL JO WOE OJ stsATeue LOVA 
-Grod ay. 104 AVUTeILIODUN JUSWSOINS BOW 


Ne ire We Gears 3 


[IT oinsty 
SAvO 


Oren Ge 0G “Voce Cc Gla Glo tie cl Ol Gm 9 —b 2 
a a ge ee 


ETL A yy 
eee 


> 


Oi 


> le 


Og 


Wo Livy 


"Voes “07 LO. Wop elo secre 
ZHOS ‘€P 17SZ JO WO 1OF StsATeue LOVA 
-SJOH 242 107 AQVUTeRLIIUN JUOWIaINse day 
OT 91nd TAY 
SAvO 
Of Gf 9 beet 02 Sl 9 Fl zt Ol 8 Gaeyec 


ITE yg 
iy 
| 


re) 


WOLLAYN 


JN 


~ 


—_ 
~~ 





Roots Hg. on Ud opeclonnodS lapliemy ZO as 
‘“qP TF08 JO WOA LOF stsATeue LOVA 
-Lq oy. az0zF AVUTLJALINDUN JUSWIAINS LOY 


CT oind ty 
SAVO 


O 6 & 72 co 02 BI 8H Fl 2 ae 9 ¢r Zz 


tS 
a 
0 SA 
Se ge | 
A 
AO) 


——a ee 
See EEE EEE, 
SSS i EN ST 
i eee 8a 
CS a 
WO 
— 


Ge 


TWOLLIWN 


WN 


sre ara 5 


"1993 00Z JO YAdop ASATIDII pur 
ZHOS ‘dP L708 JO WO 10F StTsATeue JOVA 


~]q ou. aA0F AQUTeILIIUN JUDMDIINS vOW 
TT O1ns ty 
SAvO 


Of 90290 2b2> 2G 0G (Cl cles vl> cli Claw oo omc 
St tt eee a ae et 


|. : in 


cf 


Lf) 


S) 
STN WoLltvNn 


GI 


iG 


29 





1993 QOZ JO YQdep ASATADINL pue ZH COE "1993 00Z JO YIZdapP ASATOD9OI pue ZH OS 


“ap L¥SZ JO WON 1OF StsATeue OVA ; Z 

! €p T#SZ JO WO 1L0F stsdTevue 

Lg oy. s10F AQUTRZIIIUN JUSWIINS Bday -L@ 942 10F jurasis a 
Sip. Seae as pl oinsty 

= SAV SAvg | 

eee Coos Slr ey) ait} OR Gl Cet oe eo 9 2 22 02 GF 9 +r Sf A BY 9 vr Zz 





| [ | {| | 
I | Pry yl | 1 | 


Ww) 

— 
——} 

ts? 


Z. 
£ ae 
aq = 
=4 ay Cc 
Ot } 5 
» 01 e ty 
r = 
} is 
7) rT? 
.7 8) 
GI 
Gl 
Od 
Od 


Se Ged 





Zo 


Caer: 
co 
on 


NAUTICAL MEL 
Oo 


ee 4,0 G 10 912 4.16 16 20 22 24 26 2 
- DAYS 


Pit eaveats ie 


Measurement uncertainty for the BT- 
FACT analysis for FOM of 80+1 dB, 
300 Hz and receiver depth of 200 
feet. 





ul 





°1995 Q00Z FO YAdep ISATOD01 pue ZH OOS 
‘ap L708 JO WO TOS stsATeue JOVWA 
-Ld0 942 a20oF AQUTYILIDUN JUDSWIINSeOYLy 
Veer Te 

SAVO 


OSG, 96. Ve ce 06 ol ol. tl cll 2 oy 


vf 


4 


> 


© 


wu? 


Od 


Ge 


"2993 062 JO YAdap ADATIDII pure 


ZHeOOS. deel +09) 5° HOt Sls4) we eo 
-SLOH 942 10ozF AuUTeILIIIUN JUDWIINSeI; 
{| @eins ty 

Siva) 


OF 6% 9% 2 22 02 BI OF FF 2 Oa F 9 vy Z 
ee Paces Eee eos ec 


vA 


ve) 


S| 


i 


ve 





Sem@soitivity to FOM in that a larger uncertainty is observed 
meeeene FOM of 80 dB than at the FOM of 70 dB. Also, the 
mmee OL Uncertainty is fairly constant for a given figure of 
Mewert. At the /4-/6 dB FOM, the range of uncertainty appears 
to lie between 2 and 3 nautical miles, while at the 79-81 dB 
FOM, the uncertainty range is between 7 and 9 nautical miles. 
There doesn't appear to be any dependence on frequency as far 
memeemeerange of uncertainty is concerned. However figures 
Mmoeeacouch 18 show that when the receiver depth changes from 
mueeee tc tO /00 feet, the range of uncertainty for the 79-81 


dB FOM decreased to 5-6 nautical miles. 


Meee DATA SOURCE: OCEAN WEATHER STATION (OWS) PAPA: 

The point of analysis of the three model systems was 
chosen to be OWS Papa for several reasons. First, there are 
regular BT reports (daily) from OWS Papa providing an acceptable 
Memerence fOr an actual time series analysis. Secondly, the 
ODT model has been shown to accurately predict the thermal 
Structure at OWS Papa [Elsberry and Garwood, 1980]. Thirdly, 
the oceanography of OWS Papa and the surrounding region is 
mee documented. An analysis of the meteorogolical conditions 
at OWS Papa during the month of May was made to gain insight 
into the effects of atmospheric forcing on both thermal and 
meeustic parameters. 

OWS Papa is located in the Northeast Pacific Ocean, south 
of the Alaskan Gyre in the vicinity of the Eastern Sub-artic 
Pacific Water Mass (Fig. 19). The station has been manned by 


7 
Poe) 





LL eee 


“2961 “ST Alenaqeg piles) “wa eveya Sd. INOSOY 
= - . 
SOTIOYSTY JO Teuanor 1" UB9DO ITF TIVd DEIDAeqQns usrsysey oy. UT 


yredirm WOW aialce Bl eyes s\al ey 9IeVFINS 92 JO din INIIs eInzesrsdusqy toWUNs 
oY} UO SpuTM pue a8ueyoxea +eoy FO YI9FSFO oy], Pea: Wea WOT 4 


edeg uorqeiys UB9D0 JO UOTIBDOT 


6. otnd ty 





wd, NOWWLS NY300 4 
JO NOLVD07 ~ “tg Met? 





© 94. 


a ee eget a 





Canadian weatherships since December 1950. Originally, the 
Station operated as a meteorological station for surface 

and upper air observations and to serve as an air-sea rescue 
Semeron. Beginning in July 1952, the Pacific Oceanographic 
Peoup Of the Fisheries Research Board of Canada in cooperation 
With the Canadian Coast Guard Service made regular bathymetric 
observations at the station. All physical data collected at 
OWS Papa have been archived by the Canadian Oceanographic 

Data Center in Ottawa, Ontario, Canada and include depth versus 
temperature summaries as well as salinity, oxygen, and sound 
memmoemty calculations. Unfortunately, commencing in June 
1981, the site will no longer be continually occupied due to 
maek Of funding. 

The ODT model was evaluated at OWS Papa during the Fall 
mmmeo7G (bisberry, Gallacher, Garwood, 1979]. The model 
appeared to represent correctly the vertical mixing processes 
on the monthly time scales tested. For the Fall 1976 
experiment, the ODT model was initializedwith actual BT 
soundings, and the model was verified at OWS Papa on monthly 
time periods only. 

For the purposes of this analysis, the ODT model was used 
for daily predictions and only required information (marine 
Mands, total heat flux, solar radiation) obtainable EGO Ee NOC 
to drive the model. Initialization could have been accomplished 


by an actual BT or a thermal profile from the EOTS analysis. 





memotacted earlier, an isothermal profile (0-200 meters) was 
used to initiate the ODT model in order that it not be biased 
Memeo ls Or the actual BT results. Even more accurate results 
could have been obtained if an actual BT had been used to 
initiate the model. The ODT model deals only with near 
surface vertical mixing processes and 1S insensitive to the 
thermal structure below 200 meters. 

In order to understand coupled model systems, a brief 
Sxobanation of each individual model follows. Terms and 


definitions of parameters are contained in the glossary. 





ieee OwEie LIEORY 


PeeerAc! MODEL 

The FACT model is the Navy Standard Model established in 
Moni) 1973 LSpofford, 1974] for passive acoustic products. 
Memoresentliy 1S operational at the Fleet Numerical Oceanog- 
Yaphy Center. The model is a ray-acoustics model designed 
for the computation of transmission loss as a function of 
imomeec and frequency at fixed source and receiver depths. It 
is characterized by (1) a single sound velocity profile (SVP) 
meammeseltative Of an entire region (2) bottom depth constant 
(flat bottom approximation) (3) bottom composition and rough- 
Meese constant throughout the area. 

Transmission loss is determined by the type and number 
Memmeeryival paths carrying sound to the receiver. The inten- 
feeyetevel at the receiver is the sound arriving from (1) a 
mumerace duct (2) a totally refracted path as found in a 
Genvergence zone (3) a totally reflected path as in bottom 
moumee Or (4) a deep refracted, surface reflected path. The 
computation logic of the model determines that ray arrival 
paths are either surface ducted, or they are not surface 
ducted. 

When there is no surface duct propagation, each ray 
in a given bundle is treated as a member of a family of rays. 


Each family then represents total energy arriving at the 


oy 








Peceiver by a distinct path. As the rays within a family may 
cross several times as the sound propagates from source to 
mem@erver, focussing and defocussing of the rays along the 
MeeaeOot Propagation occurs. At the crossing points, the 
Swetrces, second order non-linear functions are used to 
@empute the acoustic intensity (TL), as the intensity 
mmemeaches infinity if first order functions are used. 

For surface ducted cases, either source or receiver is 
moieaeed in the surface duct. The intensity in the surface 
duct is found from equations based on conservation of energy 
that are modified by additional losses (proportional to 
mame) resulting from duct leakage or rough-surface scatter- 
[iemeereenergy from the duct. If both the source and receiver 
@pe in the duct, the basic intensity calculation is independent 
Semeres SOUTCE Or receiver depth. For cross duct cases (only 
eeee Or receiver in the duct) the intensity calculation is 
femmeed by LOdB. 

Sitees tie appropriate ray families arriving at the receiver 
Memes Deen Specified, each ray family undergoes a second order 
Gurve fitting routine designed to eliminate false caustics. 
Only the surface ducted rays do not undergo this smoothing 
routine. The intensity is then computed at regular range 
mierements (44 nautical mile) from the source to 125 nautical 
[eres from the source. The intensity at the receiver at any 
distance from the source is specified in terms of depth of 


the source, angle that the ray emanates from the source, 
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Mieemenstne ray arrives at the receiver, distance from source 
mememeceiver, and the slope of the source angle versus range 
curve evaluated at the depth of the receiver [Spofford, 1974]. 
Mimemintensity at the receiver is reduced further by the 
inclusion of frequency dependent loss terms associated with 
@esorptton and bottom reflection. 

The input parameters to the FACT model are (1) sound 
mmeeety Profile (2) frequency (3) source-receiver depth, 
and (4) bottom-type. For ducted transmission, wave height 
and windspeed are also parameters. 

The output from the FACT model can be displayed in many 
forms, each of which is suited to the operational user, L[FNOC, 
ioyowe the information contained in the output products is 
identical, only the format varies. As stated earlier, DBPLOT 
meee OUtLDPUtL format utilized to evaluate the model systems 
in this analysis. 

iewimitations 

The FACT model has known deficiencies [Spofford, 1974]. 
For this analysis, low frequency effects, half channel effects 
@m@aesurface duct effects bear directly on the results. The 
EOTS-FACT experiment was characterized by moderate surface 
meting, some subsurface ducting and some half channel cases. 
The ODT-FACT experiment exhibited basically half channel 
effects with very slight cases of surface and subsurface 


ducting. The reference BT-FACT system displayed marked 
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surface and subsurface ducting with some cases involving 
convergence zone propagation. For the entire study, the low 
frequency (25 Hz) was realistically below the cutoff frequency 
as the duct thickness required would be in excess of 360 
Meee ortOr the frequency to be ducted. The following is a 
brief description of these effects. 
alow Frequency 

At low frequencies nearing cutoff (geometries 
With dimensions of several wavelengths), basic model assump- 
PEenmsemay be incorrect. In the FACT model, the transmission 
ieosms COMmputed by summing on an incoherent or RMS basis 
the intensities of families of rays at a point. As frequencies 
decrease to near cutoff, large scale cancellations of caustics 
weemmeresulting in significant degradation from the RMS 
Mmibensity calculations. The extension of ray theory to 
Situations which should be treated by wave (normal mode) 
techniques is speculative at best. [Spofford, 1974] 

b. Half Channel 

For half channel cases in which the sound speed 
increases monotonically from the surface to the botton, 
considerable computer time is consumed in obtaining a trans- 
mission loss curve for the refracted surface reflected (RSR) 
paths which is quite smooth due to the overlap of arrival 
orders. In these cases, the water is nearly isothermal and 


the key input parameters are the source and receiver depths, 
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meeerecepth and frequency. This routine is valid only for 
precise ASRAP geometries and frequencies which include source 
and receiver depths of 200 feet and 500 feet and frequencies 
of 50 Hz and 300 Hz [Spofford, 1974]. When surface image 
interference is possible, the FACT model description shows 
that as frequency increases to 200 Hz, transmission loss 
decreases. As the frequency then increases to beyond 300 Hz, 
transmission loss increases. [Spofford, 1974] 
fee ourrcace Duct Propagation 

Nice olcwmmEnicmomoUrece @awr1ccelvyer 15 located in 
the surface duct, the surface duct module of the FACT model 
1s used for intensity level calculations. For most of the 
Surface ducted cases in the analysis, there is a decrease in 
transmission loss (increase in MDR) as frequency increases. 
In all surface ducted cases, the 25 Hz frequency passes 
mmeeuem the duct. The 50 Hz frequency is ducted for a few 
cases while both the 150 Hz and 300 Hz frequencies are ducted 
in all three analyses. For ducted propagation, a frequency 
of 50 Hz would require a duct thickness of approximately 250 
meters while a frequency of 300 Hz would require a duct 


Memekness of only 70 meters. 


B. ONE DIMENSIONAL THERMODYNAMIC (ODT) MODEL 
The ODT model is a one dimensional model (Garwood, 1979] 
based on the physics of mixed layer dynamics. The model 


employs the turbulent kinetic energy budget to predict the 
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changes in the vertical temperature profile due 
femora. Heat flux, solar radiation, and marine 
atmospheric fields catalogued by FNOC yield the 
conditions that drive the model. There are two 
of action in the model: (1) an entrainment mode 
of the thermal layer, and (2) a retreat mode or 


of the thermal layer. In the entrainment mode, 


ECE uUmoUlen.t 
winds, three 
boundary 
basic modes 
or deepening 
shallowing 


the model 


Bemerates an entrainment velocity taking into account the 


heat equation at the base of the mixed layer. 


Having been 


initialized by a given thermal profile, the model computed 


vertical heat flux is then imposed upon this temperature 


profile within the constraints of the heat budget. 


In the retreat mode, both heat and potential energy are 


conserved. Shallowing of the mixed layer can only occur if 


mmemme is a net heat added due to solar radiation less back 


memmetion and turbulent fluxes at the surface. 


Vertieal 


mixing processes redistribute the heat in the water column. 


Mmemmonlinearity- of this vertical mixing process in the ocean 


surface boundary layer requires that the atmospheric forcing 


field be input hourly, even though one is trying to explain 


anomalies with time scales varying from days to weeks or 


longer. 


Since it is impossible to monitor heat and momentum 


fluxes hourly, surface heat budget calculations 


from. cae 


FNOC atmospheric prediction model are used. The ODT model 


in turn predicts the evolution of the Cecsiiesrmenmal, Structure 
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Muerte at a given location. The procedure for converting 
mueeetiuxes prescribed at 6 to 12 hour intervals is given by 
emeaener (1979). This capability to reconstruct hourly 
values of the solar flux from instantaneous values is 
extremely important for properly computing the vertical 
xing process. 

The ODT model considers only vertical fluxes of heat. 
Consequently, a necessary condition for accurate model 
Mimeagtetions iS that the change in heat content during the 
memtoa must be nearly equal to the time integral of the net 
surface heat flux. 

In summary, the inputs to the ODT model are total heat 
flux, marine winds, and solar radiation and the output is 
a thermal profile representing the mixing dynamics in the 
upper oceanic regions for a specific point. This model 
does not account for changes below 200 meters and makes no 
attempt at predicting changes in the below-layer gradient 


eeructure. 


meee OLS MODEL 

The Expanded Ocean Thermal Structure (EOTS) model currently 
used by FNOC is a computer oriented model application of the 
general purpose Fields by Information Blending (FIB) metho- 
dology [Holl, 1979]. It is an advanced, comprehensive and 
flexible system using a four dimensional numerical analysis 


of thermal structure from the ocean surface to 400m. From 
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ueeemeters to 1200 meters there is a piecewise linear blending 
zone to the EOTS climatology and below 1200 meters, the thermal 
Memeibe Consists of only climatology. 

By the use of surface, airborne expendable BT's, and 
satellite data, an analysis can be performed for any region 
fmepene NOrthern Hemisphere for any grid resolution in space 
and time. Significant variabilities in the vertical tempera- 
Mamesprotile are represented by a set of twenty-six thermal 
meamemure Parameters consisting of absolute temperature 
wabues, and gradients at selected depth intervals. Sea 
menace temperature changes dominate the near surface blending 
region. A special provision is made for a finer resolution 
mampemcmtiermal Structure in the vicinity of the primary layer 
depth and for the restriction of flow of information across 
Hand barriers. The EOTS system is presently used by FNOC 
merercal-time synoptic analysis and production of historical 
mem@atolopy. This model produces oceanic thermal structure 
meas fOr input to acoustic performance models. The EOTS 
Meier base 1S Currently restricted to the Northern Hemisphere 
mae 65X65 grid (approximately 4000 data points) is super- 
imposed over the area. The EOTS grid structure can also 
be applied as a fine mesh grid for local areas such as the 
Gulf Stream, where higher data availability will support a 
mmer resolution. Actual BT reports are extrapolated to 


the nearest grid point. Grid points are weighted by the 
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mumber of BI's and how recently information has been accrued. 
Presently, a BT is kept in the system impacting the thermal 
meeleeure for five days. Then it is discarded and no longer 
mitiuences the model generated thermal profiles. If there 
mempoecurrent data (BT) for a grid point, then that grid 
Merete Wil] automatically revert to climatology [Holl, 1979]. 
Basically, the blending technique is as follows. 


(1) A first guess or parameter initialization field (PIF) 
1S made. 


(2) In assembly, new information undergoes a gross error 
check and is then readied for blending. 


(3) Horizontal blending occurs and BT readings are extra- 
polated to their nearest gridpoints. Then reliability 
and weighting are assigned to grid points based on 
meme number and currency of BT's. 

memeevertical blending occurs at each grid point. The 
mietience 15 DrOpagated to the grid point above and 
Demowesthwe Shid point being analyzed. The vertical 
blending is done to 400 meters. From 400 meters to 
1200 meters the EOTS data is merged with climatology 
ameebelow 1200 meters, the thermal profile is a 
minetion Of the monthly climatology only. 

Pieminputs to EOTS consist of numerous BT observations. 
Mem intermediate products are the field created by the FIB 
methodology. Upon request for a specific latitude/longitude, 
fee output information is a thermal/sound speed profile for 
that latitude/longitude as extrapolated from the FIB 


methodology. 
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III. MODEL SYSTEMS AND EXPERIMENTAL RESULTS 


The model systems examined were processed independently 
@emcach Other. The BT-FACT product is the reference for the 
Mice ecxperiments. The following data is a result of acoustic 
memesis Of the output product DBPLOT. 

For all three data sets, the propagation loss curve was 
Sm@eered Using three figures-of-merit: 70 dB, 75 dB and 80 
dB. These figure-of-merit (FOM) values were then used with 
eumeverlay on the propagation loss curves to obtain the 
parameter, median detection range (MDR). 

The acoustic results were based on a scenario of a source 
at a constant depth of 300 feet, and receivers placed at 200 
feet, 700 feet and near the bottom (12,770 feet). Frequencies 
analyzed were 25 Hz, 50 Hz, 150 Hz and 300 Hz. The Figure 
Ga) Merit was used as an entering argument in order to account 
for source level and ambient noise. Operationally, a fleet 
user enters the propagation loss curve with a given figure 
Of merit (FOM) in order to extract the median detection 
range (MDR). A number of values for figure of merit were 
used in order to further enhance the value of the data and 
Mena insight for a trend analysis. After the acoustic data 
Was gathered, statistics were computed to use as a tool of 
Pweluation. The significance level of the statistics is 
questionable (in absolute terms) due to the relatively small 


mount Of data processed. 
46 





A, EOTS-FACT ACOUSTIC ANALYSIS 

The following acoustic observations are noted for the 
Beto-FPACT output for May 1-31, 1980. 

mee, 0 dB FOM (Fig. 20), the absolute value of median 
detection range as a measure of effectiveness is relatively 
unchanged with frequency at a constant receiver depth, 
Realistically, the accuracy limits of the svstem are being 
Memeeac aS the FACT model is accurate in this analysis to 
seeutical mile, Even at the increased receiver depth of 
Mueeceet, the virtual insensitivity of the system with regard 
memerequency is shown (Fig. 21). 

As the figure of merit is increased to 75 dB at a receiver 
depth of 200 feet, a noticeable increase in the variability 
fer 1S seen on a daily basis (Fig. 22). The effects of 
frequency become more noticeable as the system displays a 
meer SENSitivity as FOM increases to 75 dB (Fig. 22). The 
meeauency Variation observed in figure 22 is not consistent 
throughout the time series. This could be the result of 
miemse in the system’ or uncertainty errors in the accuracy 
@emthne data collection. At the 700 foot receiver depth (Fig. 
23), there is less day-to-day frequency variability than at 
the 200 foot receiver. The overall range-of-values of MDR 
meethe 700 foot receiver, on a daily basis, 1s not as 
Meamatic as at the 200 foot receiver. 

At 80 dB FOM and a receiver depth of 200 feet (Fig. 24) 


the model system develops an almost hypersensitivity to 
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frequency as surface ducting and surface image interference 
are accentuated. The time series representation of MDR showed 
Meemendous daily variance. At the 700 foot receiver depth, 
Seeeappears less a function of frequency (Fig. 25). At the 
near bottom receiver, MDR is constant at 11 nautical miles 

and remains unchanged for the entire time series analysis 

mia appears virtually independent of frequency. 

Reeardiess whether or not the 200 foot receiver or the 
meeecOOt receiver was used (Figs. 26-33), the mean MDR for 
the time series was relatively constant (Table 1) for a fixed 
FOM. However there may have been more day-to-day variability 
meme 200 foot receiver as evidenced by figures 26-33 and 
Supported by the respective standard deviations of the mean 
mom (lable 1). 

Subjective acoustic analysis reveals a great degree of 
meomstic Variability present at 80 dB FOM when the data is 
Observed as a time series (Fig. 24). As FOM increases, the 
Maronitude of the MDR variance increases significantly (Figs. 
34-39). Most notably, as the FOM is increased from 75 dB 
mo, 80 dB, there is a marked increase in the day-to-day acoustic 
Mmietrability. Varying the receiver depth from 200 feet to 
muoeteet had a slight affect on the mean MDR but moreover 
showed that the day-to-day variability of MDR was reduced 
Somewhat. The variance of the MDR as frequency was changed 


was dependent on the FOM. Frequency effects were not significant 
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at 70 dB FOM, began to emerge at 75 dB FOM and were dramatic 


at 80 dB FOM (Figs. 20, 22, 24). 


eee I-FACT ACOUSTIC ANALYSIS 

irestOliowing observations are noted for the ODT-FACT 
Meetstic Output for 1-28 May 1980. 

At 70 dB FOM the MDR is virtually constant, with slight 
frequency effects emerging at a fixed receiver depth (Fig. 
Tieeeeenas the receiver depth is lowered from 200 feet to 700 
Beemetie Corresponding change in MDR is less than one nautical 
mile for the analysis. As in the EOTS-FACT experiment, the 
ODT-FACT system appears somewhat insensitive to the low FOM. 

Peete wrOM 15 increased to 75 dB at the 200 foot receiver 
@epth, the overall day-to-day variability of MDR is increased 
(Fis. 41). As frequency is increased (Fig. 41), MDR again 
mmcreases which is consistent with the half channel mode of 
the FACT model for prescribed frequencies and source/receiver 
@eptehs [Spofford, 1974]. As the receiver is lowered to 700 
feet, the overall variability of MDR throughout the month is 
imrmal (Fig. 42). Moreover, the frequency effects present 
Metteoure 4] are not as dramatic as in figure 42. 

At 80 dB FOM at the 200 foot receiver depth, the vari- 
ability of MDR is very much a function of frequency (Fig. 45). 
The half channel mode, surface duct mode and possible surface 
image interference resulted in higher frequencies corresponding 


to higher median detection ranges. As the receiver depth was 


3) 8) 
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Figure 40 


Median detection range (MDR) 
versus time for the ODT-FACT 
analysis: FOM of 70 dB, receiver 
depth of 200 feet, frequency range 
Cae ie Uz, 15S0eH2:. S00 Hz. 
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towered to 7/00 feet, the MDR variability throughout the month 
waS minimal except for the 50 Hz frequency (Fig. 44). Surface 
image interference could possibly account for this. Another 
possibility involves potential problems in the FACT model 
Wye either the source or receiver is in the region of the 
duct formation ([FNOC, 1981]. Figures 43 and 44 show that 
frequency effects are significantly reduced as receiver depth 
changes from 200 feet to 700 feet. When the receiver was moved 
meee? 70 teet (near bottom), the MDR did not vary for the 
eimtiare month. 

POmethis €Xperiment, as the receiver varied from 200 to 
700 feet, both the mean MDR as well as the standard deviation 
Changed {Table 1). In basic agreement with the EOTS-FACT 
Mesults, there was less subjective day-to-day acoustic vari- 
ability at the deeper receiver depth. As a function of 
frequency, the 25-50 Hz data revealed a higher MDR at the 
deeper receiver depth (700 feet) while the 150-300 Hz data 
Showed a higher MDR at the 200 foot receiver (Figs. 45-48) at 
80 dB FOM. As the FOM is decreased to 75 dB, the same result 
is evident (Figs. 49-52). Generally, however the overall 
Meoustic variability and sensitivity to frequency and receiver 
depth is dominated by the choice of FOM. As in the previous 
analysis, a much greater day-to-day acoustic variability, 
both as a function of frequency and receiver depth, is 


evident at 80 dB FOM. 
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Overall, the ODT-FACT acoustic analysis exhibited somewhat 
Similar effects to those discussed in the EOTS-FACT analysis. 
As the FOM is increased, MDR variance increased regardless 
Of other parameter sensitivities. The time series analysis 
snows that although the EOTS-FACT system is statistically 
mem esimilar to the ODT-FACT system (Table 1), the ODT-FACT 
median detection range does not vary nearly as much on a 
Meeeeo-day basis (Fig. 45). That is, the ODT-FACT time series 
memas tO Stabilize for a synoptic period (3-5 days), undergo 
a change, then restabilize. The EOTS-FACT system reflected 
much more daily variation in MDR. [Fig. 24] 

As with the EOTS-FACT system, the ODT-FACT data indicates 
that overall MDR variability based on time series analysis 
Memereases aS receiver depth 1s increased regardless of FOM 
memes. 55-58). This is logical considering that more rapid 


meeamocraphic changes occur in the near surface regions. 


Sema) - FACT ACOUSTIC ANALYSIS 

The following acoustic observations are noted for the BT- 
mere) Output for the available BT's during 1-29 May 1980. 
The BT readings were obtained from FNOC and were the only BT's 
mat entered the EOTS system for OWS Papa during the experi- 
mental time period. Unfortunately, BT readings were not 
available for everyday of the month. Six days were missing 
because no observations were passed to FNOC for those days. 
The BT's were received in a computerized message format and 
directly input to the FACT model in a point ama ley Sulisy. 
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At 70 dB FOM as with the previous two analyses, the FACT 
Meemracy limitation of half a nautical mile did not allow more 
ieecise measurements (Fig. 59). At a receiver depth of 200 
feet, MDR was constant, regardless of frequency (Fig. 59). 

As the FOM is increased to 75 dB at a receiver depth of 
BOO feet, the day-to-day variance of MDR increases (Fig. 60), 
but not to the extent observed in the previous model system 
analyses. MDR remains relatively constant at the low frequencies 
meee os) Hz), but as frequency increases (150-500 Hz) the actual 
MDR as well as the variability of MDR increases (Fig. 60) at 
maeez00 foot receiver depth. Evaluation of the sound velocity 
profiles shows strong subsurface ducting in which both the 
source and receiver are interacting, which could account for 
increasing MDR with increasing frequency. 

At 80 FOM at the 200 foot receiver depth, the variability 
of MDR increased, but not to the extent as in the previous two 
analyses (Fig. 61). The variance of MDR is also much more 
Memsible function of frequency (Fig. 61). At 50 Hz, the 
variance of MDR for the entire month was from .5 to 13 
Mmatacal miles, much less than in either previous analyses. 
The variance of MDR at 300 Hz also had a range of from .5 to 
13 nautical miles. However the day-to-day variance at 300 Hz 
was much more significant than at 50 Hz (Fig. 61). For the 
700 foot receiver depth, the increased range and variability 
of MDR appears much more dramatic at 80 dB FOM Eanace 75 cb 


mem (Figs. 62, 63). At higher frequencies (150-300 Hz) the 
72 





MILES 


NAUTICAL 


FOM 70 dB FREQ 25 
RD 200 fr 50 
150 


a. 





cua 6 & W 12 14 16 18 20 22524 36 25°30 
: DAYS 


EiguGen a9 


Median detection range (MDR) versus 
time for the BT-FACT analysis: FOM 
of 70 dB, receiver depth of 200 feet, 
and frequency range of 25 Hz, 50 Hz, 
aoe Hz. 500 Hz. 
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Benec and variance of the MDR (Fig. 64) is less at the 700 


foot receiver than at the 200 foot receiver, (Table 2). At 


meow frequencies (25-50 Hz) a greater MDR as well as greater 


mewn Variability is evident (Fig. 63) at the 700 foot receiver 


pe 


depth (Table 2). At the near bottom receiver (12,770 feet), 


meres ts were identical to those obtained with EOTS-FACT 


and ODT-FACT. All three systems gave identical results 


(11 mile MDR) for the near bottom receiver. 
The BT-FACT analysis displays less variance, more continuity 
and fewer anomalies than either EOTS-FACT or ODT-FACT. The 


effects of FOM still dominate the analysis, but the magnitude 


Seecthe effects are much reduced in comparison to the other 


analyses. Frequency effects (high/low) were more consistent 
and more important (visible) in the final analysis than in 

the previous two analyses. That is, in the BT-FACT analysis, 
Miewectrects of FOM were greatly reduced in comparison to EOTS- 
meteor ODT-FACT. Consequently, frequency effects and receiver 
Miacement had more of an effect in the BT-FACT (reference) 


analysis. Unlike the previous analyses, the BT-FACT data 


shows that the effects of FOM are also frequency dependent 


mamas) 00-69). For example, at 300 Hz there is more variance 
meso FOM than at 50 Hz using 80 FOM (Fig. 66-69). 

Mnemoverall acoustic variability exhibited in the BT-FACT 
experiment is much less than in the previous two analyses. 
This experiment leads one to believe that the ocean Is 


relatively stable acoustically for passive low prequencies 


76 





"ZH 00S “ZH OST 
“ZH OS ‘ZH §Z JO a8ue1 ADUANbdIZ 


190%) (013 Ce ton POD oden: ip G/ ato 


WOL :SstsATeue LOVA-L¢ 942 IOF wry 
SNSLOA (YCW) O88ueL uor3d979p uetTpayy 


SQ O1N9TY 


SAvq 


"ZH OOS “ZH OST 
“ZH OS ‘2H $Z Jo 98ue1 ADdUdNbaIgT 


“199F OOL 2E APATODIA ‘gp Qg Fo 
WO istsAzTeue LOVA-LE 942 LOZ owt 
SNSLIOA (YUGW) 898ueL UOTIIIIOP URTPaW 


p9 91nd Ty 


SAvG 


OF G 9 #2 2 Of BIO PFI zl ool 8 9 Vane 






G6 96 $2 ce OC BI OF vl @ Of 8 9 vp Z 


uw? 








Pa 
é 
O1s 
< 
- 
oi 
a = 000 
coal - 061 
= OS J 00d ay : 
——— Ge DAT EP SZ HOW 52 ~~ = 00£ . 
= -—-~- 051 
0S 4F 002 CU 





Gc OMA =P OR WOM 
Le O72 


WOILATTN 


SSN 


GN 





°"ZH OOF 
1B LOATIIII OOF QOZ 10OJ GP OG pue 


qP SZ ‘dP OL FO S,WOT FO Uostiteduo) 
>STSATVUR LOVA-LG OY ALOF OWT 
SNSIOA (UGW) o8URL UO0TIDOIOpP ueTpoy 


L9 9ANSTY 


SAVG 
OF & 2% 2 2 OW Gt H HF Z OF 8 S$ ¢r 2g 








S 

Ol 

S| 
ce Diet 4 002 «ay 
02 WOd 2H OO€ Dania 

S2 


SITU WOLLAYN 


"ZH OS 

1E LSAT OIOT JOON 7 -SOim ape Bue 
‘ap SL “dP OL JO SNOT JO Uostseduog 
>STSAT CUR LOVA-LA 242 AOZ Out 
SNSLOA (YAW) esuUeL UO0TID9IVEP uUPTpop 


99 9INSTY 


SAVG 
OF G2 GC vo Ze Ot OF 9 HS OF 8 9° Zz 





"ae SOG 
pe ae 43 002 Gu 
——_-— 07 Od ZieOGswe alin 


WOLLATYN 


Salis 


G¢e 


78 





"ZH QOS 7 
UE e ede NOS Maye sce ayer |e jeune 


‘ap SZ ‘dP OL FO S.\WOA FO UOSTILedUOD 
:STSATBUP LOVA-LG OY} 10F OUTy 
SNSIOA (UAW) 28uURI UOTIDIOOP ULTpPoyy 


69 91ns Ty 


SAV 
Cie te, 96  7ouwce. UC se) ol vi -Zi- 0) 8 eo eer 2 


"ZH OS 

Ze LAOATIDSL OOF OOL IOF AP OB pue 
‘ap SZ ‘€P OL FO S,NOA FO UOSTIedWoD 
:SstsApTeue LOVA-LY 242 10F JWTQ 
SNSIOA (UUH) WdURL UOLIDI59Z9P URTpoay 


gg oLNndTty 


SAVO 
Of 6% S82 Vo ce 00 GS! Sl [vine cial Oey ec 











G 
we 
: E 
5 ory 
(am f 
x = 
ei 
ahora Gd 43 002 du ae aa Gig alae (ogy, (ONE 
——0O4 WOT 2H OOF DANA —— 04 NOY 2H OS OA 


Gd G2 


Ve 









fer synOptic periods. Also as receiver depth is increased, 
Seeee Of values for MDR and the overall acoustic variability 


lecrease as is expected. 
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— a A 


ieee oroeUoorONmOL RESULTS 


A. ACOUSTIC COMPARISON 

@engarison of EOTS-FACT and ODT-FACT to the reference BT- 
FACT shows that the models indicate more acoustic variability 
mimo MDR as the measure of effectiveness) than actual direct 
mayvaronmental (BT) input supports. This is reflected in review 
Mmeeeemire 70. At the 200 foot receiver depth for 50 Hz, a 
Meemendous daily variation of MDR is observed in the EOQTS- 
meelemroduct in relation to the minimal day-to-day change of 
Seueeeor the BIT-FACT product. More marked is the change in 
meta vyariability at 300 Hz as compared to 50 Hz. This 
frequency dependence is not evidenced in the EOTS product due 
Bethe overwhelming variability present. This variability is 
reflected in several ways: (1) Figure of Merit, (2) frequency 
moa (5) receiver depth. 

Meee rOM Effects 

A change in the FOM caused the most acoustic variability 
(change in MDR), regardless of what system was analyzed. This 
was due to the fact that at higher FOM's the slope of the 
propagation loss curve approached a critical region where a 
slight change of even 1 dB caused dranaueG range Changes. 
After analyzing the EOTS-FACT output, it was observed 


that at 80 dB FOM, there was a tremendous variance of MDR 


on 
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Mectea Synoptic period. A significant variance, though less 
than in EOTS-FACT was also apparent in the analysis of the 
ODT-FACT system. The model systems (EOTS and ODT) tended to 
Bupport the thesis that the ocean possibly was not acous- 
tically stable at low frequencies as had been commonly thought. 
Analysis of the BT-FACT system showed that even at 80 FOM, 
the ocean was acoustically stable, at least much more so than 
the other model systems predicted. 

Analysis of all three systems shows that the models 
fmemmuclatively insensitive at low FOM's and become hyper- 
meee rve at high FOM's. This further indicates that un- 
Memeainty in the FOM causes large day-to-day variances. 
memoirs seen in the BIT-FACT data as well as the other model 
meopems. Moreover, since FOM is itself determined by source 
level and noise level, uncertainty in these parameters will 
mesoeresult in dramatic range differences, causing major 
Operational problems. 

wploweror's (70-75 dB), the models (EOTS-FACT and 
Mel-FACT) appear to adequately represent the acoustic 
Mertability present in the reference system (BTI-FACT) (Figs. 
mi72). However at 80 dB FOM, it is readily apparent that 
the above is no longer true. One reason for the agreement 
of all three models in this respect can be demonstrated by 
analysis of the propagation loss curve in general and its 
overall sensitivity to Figure of Merit. Spherical spreading 


Yields a transmission loss according to the equation 
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—a ——- — 


Mieeee0 LOG R. At a distance of one mile from the source, 
miesomeduates to approximately 64 dB, and at two miles fron 
mieesource, TL is approximately 70 dB. This formula basically 
melds if we consider absorption and other loss mechanisms 
negligible for the low frequencies used in the aiaiests., [t 
1S evident that a 6 dB change in the FOM causes only a lnm 
Change in MDR for this simplified case. Hence at low FOM's 
(around 70) very small changes in MDR are in general expected. 

Based on FOM change alone, the models WEOTSeands OD 1) 
Show a range of MDR from .5-25 nautical miles (somewhat 
frequency dependent) while the BT-FACT eBuumer (Beale lente cork! 
miles) is considerably less. EOTS-FACT showed the most 
Variability with FOM and the BT-FACT showed the least vari- 
ability. Most importantly, the impact of changing the FOM 
Maeweonstant and regardless of the system tested MDR variance 
increased with increased FOM. 

A further insight is gained by looking at the time 
Mmmeceory Of MDR (any case) as a function of FOM. The effects 
Of FOM are present regardless of frequency, receiver depth, 
Meevanrying thermal structure. Most of the MDR variability 
meee experiments resulted from a change in the FOM. A 
mmmesnOt analysis will not reveal the variability dependence 
SeeroM. Rather, only absolute differences appear which are 
Meemacoustically constant. <A time series analysis 1s 


important to understand day-to-day-day or synoptic acoustic 
Mariability. 
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mee erequency Effects 

The BT-FACT system shows that instead of the four 
frequency (25, 30, 150, 300 Hz) variance that is pase serie 
using EOTS-FACT or ODT-FACT, that high (150-300 Hz) and low 
(25-50 Hz) frequency effects are present. A enange in 
Prequency caused the least acoustic variance in the BT-FACT 
mstem even at &§0 FOM, while both EOTS-FACT and ODT- FACT 
showed major frequency effects at 75 FOM. 

Frequency effects throughout the analysis were a 
Meeeeee result of the input thermal structure. The largest 
MDR variance with frequency naturally occurs in all three 
experiments, at 80 dB FOM. EOTS-FACT showed the most variance 
with frequency as frequency was increased from 25 Hz to 300 
fee the /0 FOM, for all three experiments, the MDR 
meomers were virtually frequency independent. 

Aeitrequency anomaly apparent in all three experiments 
Meemeedact at high frequency (150-300 Hz), the MDR was greater 
than at low frequency (25-50 Hz) throughout much of the 
Pmeysis. In transmission loss terms, lower frequencies were 
suffering more propagation loss than higher frequencies. 
Investigation of the FACT model showed that it is very sensi- 
tive to source/receiver placement, and that there are known 
low frequency cutoff problems as well as surface duct, half 
channel and surface image interference problems. Further 
Mmailvysis of the sound velocity structures revealed that 


the ODT-FACT model outputs were basically half channel, the 
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EOTS-FACT model showed some surface and subsurface ducting 
and the BIT-FACT profiles displayed extensive subsurface 
M@e@cileg and possible convergence zone propagation. However, 
the fact that this frequency anomaly problem permeated the 
Suiemre analysis regardless of the system tested indicates 
@idgtean investigation should possibly be made into the FACT 
MoaGel in this regard. It is evident that the differing 
thermal structure/sound velocity profiles accounted for 
meemof the acoustic differences in the results. The FACT 
model limitations described earlier (most notably the 
eierace duct, surface image interference, and half channel 
modes) also contributed to anomalous frequency variations 
between the model systems as well as affecting the reference 
system. Frequency effects and depth effects are dependent 
on the input thermal structure, source/receiver depths, and 
the interplay of these parameters with known FACT model limi- 
tations. Again, a snapshot or single glimpse does not reveal 
the magnitude of the acoustic Wma lieve wrth respect to 
frequency changes and much more insight is gained by looking 


at a time series analysis. 


3. Receiver Depth Effects 


The most notable receiver depth effect 1s thaeeeOor. une 
deep receivers for all three experiments, both the range 
and variability of MDR decrease significantly (Table 1, 2). 
Miso, the effects of changing frequencies 1s reduced at the 


700 foot receiver. All three experiments indicate 
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FOM 70 
RD RD 
mea. (Hz) 200 700 
5 Roe, 256 is) .23 
0 io), .65 io5/ .15 
50 leoa/ .32 ead. 20 
00 Po >/ .26 1.57/.36 
FOM 70 
RD RD 
meq. (Hz) 200 700 
5 ie / .49 27 40 
0 imez2/ .59 ee 2) a0 
50 tes / .72 m5) .45 
00 25 / .62 i 5/75 


-14/ .83 


.68/ .88 


220/426 
.46/1.4 
$567 £459 


27 0/ lco 
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RD RD 
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2.48/ .19 
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FOM 70 FOM 75 FOM 80 

RD RD RD RD RD RD 
freq. (Hz) 200 700 200 700 200 700 
5 .98/.6 1226/49 137/298 2 RU Pome Oo) 26460 1 35/3.18 
10 mo5/ .59 ieetoesg 1.:8)/ 293: DO Ose ey 25 Leo 3.18 
50 imo7/;.60 1.26/.49 papel ei Tale ole Soy 2eoo LO.21;7 2.5 
300 ily /.73 1.26/.49 245/129) F027 9S Fees. 19 Loe 2.5 | 

TABLE I 


Mean and standard deviation of the median detection 
| range (MDR) for all phases of the analysis. 
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FOM 70 FOM 75 FOM 80 
RD RD RD RD RD RD 
req. 200 700 200 700 200 700 
5 i[o-2.0) (1.0-1.5) (.5=3..5) Gi s—2.5)) oe? 55 —=10) (S765) 
0 i—2.0) (1.5-2.0) (1-4 .0) (2.0-3.0) (3-25.0) (4-25.0) 
50 eo -2.5) (1-1.5) (2-12.0) (1.0-2.5) (7=-25.0) CA On) 
00 (1.0-2.5) (1-2.5) (2-5.0) i535 eo 23 0) (4-9 .0) 
EOTS 
FOM 70 FOM 75 FOM 80 
RD RD ae ae RD RD 
‘req. 200 700 200 700 200 700 
25 (.5-2.5) (¢.5=-3.0) (.5-8.0) (35=6.0) (1.5-17) (4-16) 
0 (.5-3.0) (.5-3.0) (.5-8.0) (.5-10) (2-25.0) (4-25) 
150 j/we-o-0)) «6( .5-3.0) (1-8.0) (.5-6.0) (2-29 .0) (4-16) 
300 (.5-3.0) (.5-3.0) (1-8 .0) (.5-6.0) (3-27.5) (4-16) 
Ba 
FOM 70 FOM 75 FOM 80 
RD RD RD RD RD RD 
Freq. 200 700 200 700 200 700 
25 e=255) (.5-2.5) Ge5=2.05) (1-5 .0) (1.5-13.0) (5-16) 
50 (o-2.5) (.5-2.5) (.5-2.5) (1-5.0) (1.5-13.0) (5-16) 
450 Wo—2.5) ¢€.5=-2.5) (.5-2.5) (1-5.0) (2.5-13.0) (6-13) 
300 Wp=2,.5) «26( .5-2.5) (.5-2.5) (1-5.0) (2.5-13.0) (6-13) 
TABLE iL 


Minimum and maximum values (range) of the median detection 
range (MDR) for all phases of the analysis. 
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Bor the most part) that as depth increased from 200 feet to 
Meeereet to 12,//0 feet, acoustic stability increased. That 
meeem@en Variance of MDR, both quantitative in the form of 
statistics, and qualitative in the form of a time series, was 
meemced. for the near-bottom mounted receiver, regardless of 
Seeninputc thermal profile, the results were identical for all 
Mmee experiments at a constant FOM and were virtually in- 
dependent of frequency. This indicated that the model system 
Meeminsensitive to the near-bottom mounted receiver for a 
BuerOoot source. 

Overall, the analysis of the three systems showed that 
the model systems were sensitive to (1) FOM (2) frequency 
(3) source/receiver depth and (4) thermal profile. Although 
mars information is not new, the analysis gives a good 
insight into the magnitude of the variance of the parameters. 
Single profile analysis and snapshot analysis done in the 
past yielded the information that the FACT model was sensitive 
to many parameters [Harvey, 1973]. A time series analysis 
yields valuable information in an attempt to find some oper- 
ational limits of variability, even if just for a single point 
in the ocean. For the entire analysis, the limits of acoustic 
variability are seen in Tables 1 and 2. Table 2 gives cine 
range of values of the MDR. In Table l the numbers indicate 
the mean MDR and the standard deviation of the mean. Note 


Beet the statistics are insignificant due to the very limited 
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data set. However when viewed together with the graphical 
Seaysis, a much better insight to the variability is gained. 

Emer ther perspective of acoustic variability was gained 
by doing a qualitative analysis of the three data sets. The 
Meroe data set analyzed was EOTS-FACT. Very simply, the 
propagation loss profiles obtained were overlayed in a daily 
Sequence on a light table. The envelope of the propagation 
mieomprotiles spanned 10dB. If the structure (interference 
Meecerns) Of the propagation loss curves was considered, 
the difference was 15 dB or more. This acoustic variability 
maecne basic acoustic profile was startling considering 
that it occured in a 10 day period. 

Following the same procedure with the ODT-FACT output, 
the second experiment, the envelope of the propagation loss 
Curves spanned no more than 5-6 dB; 8 dB when the structure 
Was considered. The envelope was less than (3-4 dB) at the 
miperoot receiver. 

heme the BT-FACT reference data, the envelope for the 
propagation loss curves was remarkably stable (2-4 dB), and 
even more so at depth. This analysis supported the premise 
that the ocean was relatively stable over a synoptic period 
Bemepassive acoustic frequencies. 

Analysis, both qualitative and quantitative shows that 
(1) EOTS-FACT and ODT-FACT indicate more acoustic Variability 


than direct environmental (BT) input and (2) the acoustic 
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measure of effectiveness for the entire analysis (MDR) varied 
With FOM, frequency, and receiver depth, in that order. 

since the FACT model was not operator tuned throughout 
Smee analysis, but acted much like a black box, then the 
Meolstic differences observed should be attributable to the 


Mmipuc thermal structures. 


B. THERMAL STRUCTURE COMPARISON 

Because of the large amount of acoustic variance evident 
between direct BT input and model thermal structure inputs, 
and given the premise that the FACT model was unchanged 
throughout all three experiments, it was logical to assume 
that acoustic differences in the experiment resulted from 
differences in the input or model-produced thermal profiles. 

leeerres 75-75 contrast the time series changes of the 
three thermal profile inputs as well as the corresponding 
mmma velocity profiles. It is evident that the actual BT's 
input displayed the widest envelope above the thermocline and 
mat there was a steep below layer gradient structure. The 
ODT thermal structure was initiated with an isothermal profile 
With no dramatic below layer gradient structure. The ODT 
model adjusted to the boundary conditions, generating a 
M@i@eniticant transient thermocline in a synoptic period of 
miyve days (Fig. 76). 

The EOTS thermal structure (Fig. 74) was a blending of 
climatology with actual bathythermographs. Observe that the 


resulting profile displays changes both above and below the 
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mip but that the below layer gradient structure is not nearly 
memoeceep aS the BT below layer gradient structure (Fig. 73). 
imeeeixed Layer Depth 

Comparison of the mixed layer depth was made instead 
of sonic layer depth or primary layer depth because the mixed 
layer depth was the only parameter implicit or readily obtain- 
Mewes in all three thermal structures. Comparison of mixed 
Mayer depth versus time (Fig. 76) for the entire analysis 
Showed that EOTS had the least amount of variance and that 
SaemoW! and actual BT mixed layer depths correlated very 
well, showing Similar marked variance. Comparing the EOTS 
miccaelayer depth to the ODT or actual mixed layer depth, a 
Memememve Correlation (-.12) existed for the time series 
Mmysis. Figures 77 through 79 visually depict the cross 
correlation as the ODT mixed layer depth is advanced one 
G@ay at a time. Figure 76 yielded insight into a visual trend 
analysis and showed as the actual layer depth increased or 
Meereased, so did the ODT mixed layer depth after the five 
Bayeinitialization process. Moreover, as the ODT layer depth 
was moved forward in time, one day at a time (Figs. 76-79) 
the correlation increased from .21 on the first day to a 
maximum of .41 on the second day, then dropped off again 
with any further time lag. This was an initial indication 


that the EOTS mixed layer depth lagged the ODT and BT mixed 


layer depths by approximately two days. 
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A point by point comparison of the BT layer depth 
With the EOTS layer depth (Fig. 76), revealed even more 
information. Investigation revealed that the actual BT's 
used in the analysis by FNOC were the only inputs to the 
Bers system for 50-N. 145°W (OWS Papa) for the period of the 
experiments (1-50 May). Although OWS Papa is not a grid 
Sees. 80) it is very close to one of the grid points, 
smaebecause of the number of BT's input from OWS Papa, the 


Station readings will always dominate temperature values at 


that grid point. During the period 16-18 May, no BT's entered 


eiems0ls system at OWS Papa (Fig. 76). Analysis of the layer 
depths showed that on 17 May, the EOTS layer depth deepened 
from 22 meters to 46 meters. Assuming that no other BT 
influenced the deepening of this layer, it was a result of 
Siemdetual BIT taken on the 15th of May. The period 17-20 
Seweeom the EOTS curve (Fig. 76) corresponds to "no input” or 
merchange in the actual BT because there was no input BI 
during the period 16-18 May 1980. 

Much of the thermal layer depth discrepancy can be 
Metriputed to this apparent “real-time” lag. This apparent 
lag may not be statistically significant and not necessarily 
indicative of the EOTS process in general. However, further 
investigation is warranted. Other parameters, sea surface 


temperature and below layer gradient, must also be Polsomuc hed 


Mmeethe final analysis. 
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2. Event Analysis 

The final Surface Analysis Charts were obtained from 
MieeNational Weather Service in order to attempt to correlate 
atmospheric forcing with a change in the laver depth. The 
analysis yielded the following results. 

itive period from 9 May to 14 May was characterized 
by the lowest sustained winds of the month, from 5 kts to 
Memeeromifig. 3). During this period, two light storms (wind 
feemeoe<« 15 kts) passed over OWS Papa. The actual BT and the 
Siiemaxed layer depths indicated a layer deepening with storm 
passage and then a layer shallowing as heat was influxed 
G@Ownward across the surface (Fig. 76). The MLD for this 
period (9-14 May) was characteristically shallow as was 
Seectced for a net heat gain and with little vertical mixing. 
The EOTS thermal layer depth during this period showed a 
Sreawal layer shallowing. The EOTS system was insensitive 
to the wind events as it was dominated by the EOTS climatology 
Pmamby the net increase in the sea surface temperature (SST) 
murame the period (Fig. 81). 

During the second observation period (14-20 May), 
m@eemost intense wind action of the month occured. The region 
Mroecharacterized by winds from 15 to 30 kts, with sustained 
Seemecein excess of 15 kts (Fig. 3). Two strong wind events 
Meecompanied by fronts exemplified by very tight low pressure 


gradient systems swept through the area. On the 14th of May 


She, 





(Fig. 76), a dramatic layer deepening was predicted in the 
ODT model and confirmed by the actual BT. Apparently, no 
BT's were taken at OWS Papa because of the intense storm 
action during 16-18 May and analysis of the weather charts 
showed the observation ship tracking away from the front. 

At the same time that the BT showed a dramatic deepening of 
Eiesmixed layer, the EOTS layer depth was still shallowing 
memes) 70), probably in response to actual BT's from the 12th- 
Mmeeneot May. Finally, on the 16-17th of May, the EOTS layer 
depth showed a deepening of the mixed layer, apparently in 
Mmesoponse to the BT on the 15th of May. 

The event analysis showed that the BT mixed layer 
depth and the ODT mixed layer depth were very responsive to 
environmental forcing while the EOTS system cannot take 
advantage of meteorological information. 

feeeesea Surface Temperature (SST) 

fitmes lac found in the EOTS mixed layer depth was not 
evident in the sea surface temperature (SST) analysis. More- 
myer, the EOTS SST was very representative of the actual SST 
Mmenomehout most of the period (Fig. 81). The ODT sea surface 
temperature was very similar in trend to the actual SST and 
Was Off in absolute temperature value due to the fact that 
Bie initialization SST for the ODT model was quite different 
5°C) from the actual SST. 

4. Below Layer Gradient 
The differences in mixed layer depth in the analysis 


accounted for some of the acoustic differences. However the 
100 
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below layer gradient structures of the three model systems 
were also very different and an analysis was attempted. 

Figure 82 shows an average below layer gradient 
structure in a time series analysis for each model system 
referenced to the BT-FACT system. The average below layer 
gradient was measured from the base of the mixed layer to a 
depth of 200m for each system. The ODT model showed the most 
stability and least variance of the below layer gradient as 
Was expected since the model was only a function of vertical 
mixing processes between the surface and the permanent 
thermocline. The BT showed the greatest variance and greatest 
Mmeenot Gradient value, probably largely due to vertical 
motion associated with tidal-period internal waves. Also 
meeteror may be "apparent advection" due to changes in the 
Meomeron Of the ship. The EOTS average below layer gradient 
Structure showed a much greater variability than did the ODT 
model, but it was still markedly different from the measured 
Meoelow layer gradient structure. 

Another way of looking at the gradient structure in 
an attempt to show more of a trend analysis was to compare 
the three systems by looking at the average gradient from 
miemsea surface to 100 meters (Fig. 83). The EOTS gradient 
mmerimeture in this representation is closer to the observed 
merlicture. Also, one can see a lag in the EOTS gradient 


Beructure of 1-3 days as compared to the BT gradient (Fig. 83). 
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The ODT model gradient changed more noticeably but still 
did not treat changes below the MLD. 

A MOSt interesting perspective of the below layer 
Meeement Structure is gained by overlaying the thermal profiles 
for each system for the entire month. By doing this, the 
mieeomoiow a very strong gradient below the mixed layer, 
Pmeeenaing to beyond 200 meters in depth. This strong gradient 
meemerirne (Fig. 73) persisted for the entire month. The 
actual thermal gradient structure resulted in a subsurface 
Geer the corresponding sound velocity profile (Fig. 73) 
Peemerne from 50 meters to over 300 meters. The ODT model, 
because it was not initialized with any significant gradient 
Structure and because it was intended to model only upper 
ocean mixing processes, did not show any subsurface duct 
Wey). In fact, the ODT thermal structure was basically 
iieeechannel . 

The EOTS sound velocity profile (Fig. 74) showed a 
meameeimited subsurface duct. The difference in the gradient 
eeelierure of EOTS as compared to the observed profile was 
Ser is C/100m. The BT showed a very strong gradient 
structure between 100-200 m for the entire month that was 
@ever 'seen" by the EOTS system. Figures 82 and 83, a graphical 
analysis of the below layer gradients using two different 
ieamens, indicated that the EOTS gradient structure was closer 
to the BT gradient structure when the gradient was measured 


to 100 meters instead of 200 meters. Much of the acoustic 
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discrepancies between the three model systems resulted from 
differences in the below layer gradient structure. The 
gradient structure manifested itself in the sound velocity 
Smemdaes as Characteristically half channel for the ODT 

model, some surface ducting for the EOTS model, and subsurface 
eetame fOr on-station BT conditions. 

In review of figures 73-75, observe that for the ODT 
and BT profiles, the major variance occurs above 100 meters 
while for the EOTS profiles, the major variance occurs near 
400 meters. Again, the effects of the below layer gradient 
memmemenrire are seen in the corresponding sound velocity pro- 
files. Figure 84 contrasts the ''mean' thermal profile and 
sound velocity profile. This is done in order to better 
Show the basic differences in the structures. The mean EOTS 
thermal profile is markedly different in the structure of 
the below layer gradient. Moreover the variability of the 
profile at 400 meters is very large. While both the ODT and 
BT thermal profiles show synoptic changes from 200 to 400 
meters, the EOTS thermal structure undergoes changes to below 


600 meters. 
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Figure 84 


"Average" thermal structure and 
sound velocity profiles for 
May 1980, for BT, ODT, and 
EOTS analyses. 





Ve CONGEUSTONS 


An indepth acoustic analysis was accomplished in order 
Pompeovide insight into the variability and sensitivity of 
mieormation received by operational fleet units. Since no 
meeewateeacoustic data was available as a ground truth, three 
independent experiments were run using three different 
ei@emmat structures input to the FACT model. 

Subjective acoustic differences between the three systems 
were examined and the acoustic variability of each system was 
Observed. The merged bathythermograph (BT) served as the 
reference for the analysis and was as close to the "truth" 
as was obtainable. Examination and analysis of the data, 
Potmethermal and acoustic, led to the following conclusions. 

me the model systems analyzed indicated more acoustic 
meememdlity than direct environmental (BT) input supports 
meets 55, 86). The time series methodology more readily 
mm@emes insight into the acoustic dynamics of the ocean. 
While the BT-FACT system displayed only moderate acoustic 
maniability, both model systems (EOTS-FACT and ODT-FACT) 
indicated much more day-to-day acoustic variability than did 
Mijescererence system, BI-FACT (Figs. 85,86). 

Mee the acoustic variability of MDR was a function of 


mire Of Merit, frequency, and depth of the source and 
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Meeemver. the limits of variability are shown in Table 3 
which gives the mean and standard deviation for selected 
mepresentation cases. 

(2a) As FOM was increased both the mean MDR and 
standard deviation increased regardless of the model system 
emosen fOr analysis. 

2b) Frequency related conclusions are difficult to 
generalize because of (1) the interdependencies between FOM 
maaereceiver depth and (2) the sensitivity of frequency to 
the algorithms in different acoustic models. As the frequency 
meromincreased from 50 Hz to 300 Hz at the 200 foot receiver, 
Sieemean MDR increased for all cases and the standard devia- 
muomeimcreased for all cases except the ODT-FACT system at 
Milena and a figure of merit of 80 dB. At the 700 foot 
receiver, as the frequency was increased from 50 Hz to 5300 
memeetne results were displayed in Table 53 for all three analyses. 

ie For most of the analysis, as the receiver depth 
femmenanged from 200 feet to 700 feet (source depth was held 
constant at 300 feet) the standard deviation of the mean MDR 
decreased, indicating less acoustic variability as receiver 
depth is increased. When the absolute standard deviation 
increased (BT-FACT case), the absolute value of MDR also 
M@ereased significantly such that the overall variability 
actually decreased. As an example (Table 3) for 50 Hz at 
made FOM for the BT case, the MDR is 4.38 + 2.45. at the 
200 foot receiver depth. At the 700 foot receiver depth for 


mee same conditions, the MDR is 11.35 +t 3.18. If one 
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Pompares the ratio of the standard deviation of the mean 
MDR to the MDR, for the 200 foot receiver, the value is 

Boome ror the 7/00 foot receiver, the value is .28 which 

indicates that the overall variability has decreased. 

Moe For the entire analysis, much less acoustic vari- 
ability was reflected at the 700 foot receiver at all frequen- 
cies regardless of FOM. Since the upper layers of the ocean 
reflect more rapid changes, more variability was expected 
at the shallow receiver (200 feet) as was demonstrated 
throughout the analysis. This conclusion suggests a depth 
dependence in the modeling process to the time scale for 
fPewaiming BT measurements in the EOTS-FACT system. Perhaps 
weighting BT measurements differently with depth in the 
modeling process and retaining BT's in the system for longer 
than the present five day period would improve the thermal 
representation of the below layer gradient structure. 

(4) Mixed layer depth (MLD) appeared to be a good 
indicator of the effects of atmospheric forcing. As shown 
Gmetieure 76, the ODT mixed layer depth was a function of 
the time history of wind speed and solar radiation. The 
Soiemixed layer depth corresponds very well to the reference 
BT mixed layer depth in that the trend of the model predicted 
Miepets almost identical to the trend of the actual BT mixed 
layer depth. The effects of frontal passage and strong 
wind events is evidenced in both the ODT mixed layer depth 
faaethe BT mixed layer depth. 
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(5) There were major model limitations in depicting the 
eiermal structure completely and accurately as compared to 
the observations. The most notable deficiency in modeling 
the thermal structure was indicated in the representation of 
the below layer gradient between 100 meters and 200 meters. 
The inability to accurately represent the thermal profile 
Was the major contributor to the acoustic differences between 
the reference system and the model system. 

(6) The fleet operational model system (EOTS-FACT) 
analysis indicated that there was a possible deficiency in 
mesmapility to accurately represent a real-time analysis. 
The apparent two day lag in the EOTS mixed layer depth was 


further evidenced in the event analysis. 
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APPENDIX A 


Pee OPERATIONAL APPLICABILITY 


ihere were a number of lessons learned during the analysis 


that could greatly impact the operational user. 

fees Was stated earlier, the ability to accurately 
Mepeet the thermal profile is most important. Accuracy and 
Mesorution of BI's is essential. 

2. The operational user must be aware of the acoustic 
Variability possible as the figure of merit is increased. 
This point 1S even more important when uncertainty of 
Source level (SL) or ambient noise (AN) exists. Acoustic 
variability of even 5 dB can have dramatic effects as shown 
throughout the analysis. 

3. Frequency and depth variationsare important, but not 
to the extent that uncertainty in the figure of merit should 
be overshadowed. Overall, the higher frequencies (150-300 
Hz) showed more day-to-day acoustic variability than the 
Mewer frequencies (25-50 Hz) regardless of receiver depth. 
Mm@ere was more acoustic variability at the shallow receiver 
dépth as expected. 

Meeeethe emergence of sub-surface ducts, a result of the 
below layer gradient,was important because they account 
for part of the acoustic differences between the actual BI 


and model generated thermal structures. 
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5. Real-time analysis is of the utmost importance. Perhaps 
on-board processing should be used with direct environmental 
(BT) input. Without a fleet operational prediction capability 
of both thermal and acoustic varameters, “real-time'"' analysis 
meeewles €Ven more important. 

6. The acoustic measure of effectiveness (MDR) used 
throughout the analysis is utilized as a tactical sonobuoy 
Severs Parameter in the ASW localization or tracking phase. 
For many patterns, sonobuoy spacing is based on (MDR). If 
the MDR is between two and four miles, pattern spacing 
will be between three and six miles. If the MDR is between 
meme tifteen miles, then the respective pattern spacing 
could be fifteen to twenty-three miles. It is evident 
that it the model systems predict more variability than is 
memely present in the oceanic thermal structure, then the 
Preemie acoustic product could manifest itself in inaccurate 
memepuoy spacing. The end result would most likely be waste 
of sonobuoys if the modeled MDR is much less than the actual 
MDR and lost contact if the modeled MDR is a lot greater 


than the actual MDR. 


PeeMODELING APPLICABILITY 

Mcade from the analysis previously covered, there were a 
few very important facts that emerged. It is imperative that 
the capability to predict be present for thermal and acoustic 


modeling from a military standpoint, as the value of real-time 
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analysis cannot be overemphasized. This treatment of the 
data showed that there were both thermal and acoustic model 
differences when dealing with passive systems at low fre- 
quencies (below 300 Hz). Real-time analysis and prediction 
capabilities become even more important when dealing with 
active systems at higher frequencies. 

1. Both thermal and acoustic models should be designed 
and implemented with the operational user in mind. Model 
Capabilities and parameters should be expressed in operational 
germs. 

2. sensitivity analyses should be conducted on fleet 
eenational model systems prior to their acceptance in order 
Gemeace variability limits on operationally important acoustic 
performance parameters. 

fee actual Operational measurements must be compared to 
model system outputs on a continual basis to ensure the quality 
miemaccuracy of model systems. 

4. Time series analysis gives a better measure of the 
acoustic variability of the model systems than snapshot or 
Single look analysis. Models should not only be compared 
and contrasted to one another based on a single look. 
emer, the model should be evaluated on its ability to 
Mecurately represent the dynamics of the ocean. 

5. Modeling the mixed layer depth (MLD) should be 
accomplished by using atmospheric forcing so that storm 


action and wind mixing events (the physics of the ocean) 
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can be adequately represented. 

6. The modeling of below layer gradient can be improved. 
In the present operational system (EOTS) there was evidence 
of tremendous variation in the below layer gradient structure 
(from 100 meters to 500 meters), which supposedly undergoes 
changes over the long term. Investigation into selectively 
weighting the below layer parameters as well as retaining 
BT information in the system for longer periods (greater 
than five days) of time is warranted. Also, the capability 
EOmerepresent or account for subsurface ducts must somehow be 
accurately modeled. 

7. The ability of the present operational system (EOTS- 
FACT) to produce real-time information is somewhat question- 
able. Further investigation into this capability is warranted. 
Perhaps the time interval when the BT is taken to when it 
6nters the computer system can be shortened. Moreover, 
future modeling systems should provide a prediction capability. 

The conclusions drawn and the lessons learned should 
be reviewed with the understanding that there are inherent 
€rrors in the accuracy of the data due to physical and model 
limitations. Moreover, the entire analysis was done for a 
single point (OWS Papa) and for a single month (May 1980). 
Pmoetner caution is that if a different acoustic measure of 
effectiveness (CZ, etc.) had been used, additional constraints 
and possibly different results would have been observed. 


Even with the above restrictions, valuable insight is gained 


ay 








into the variability of coupled mixed-layer acoustic model 
mweoeems. both theoretically and practically, this study has 
demonstrated possible deficiencies in fleet operational model 
eeens aS well as indicate the present state of the art in 


modeling the ocean thermally and acoustically. 
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